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Courses of the Heavy-lon Collision
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Time-like photons radiated from a hadronic/partonic system

At not so high temperatures the dominant
El+ El— dP/dT3 pl+ dT3 pl— «LTuv (gehbatty Thikaeeésg} are:

o pp, np Bremsstrahlung

el+ o Baryon-Dalitz decays
@ N NN o TI—TT annihilation
y T«
o gqg annihilation
el—

Meson-Dalitz and vector rmeson decays are
M2 =gT2 =(p I+ +pI—)T2 considered ,background” since they mostly decay

after freeze-out
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Theoretical Approaches to Medium Radiation

Medium radiation from 7hermal Emission Rates (€):

cT corr.
Drell-Yan
sum

S —— / = [15d 1% e/dg [T(x0)ulB (x),v (¥)] dx

or isentropic expansion

dN/dM,, [1/(GeV/c?)]

Dilepton emission from
Microscopic Transport.
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Vector Meson Dominance in Hot & Dense Matter

Generalized ,, Bremsstrahlung” — Fourier transform of current-current correlation function (j(x),j(0) ):

Extension of the Gounaris-Sakurai formula to a thermal pion gas: C. Gale, J. Kapusta: Nucl. Phys. B357 (1997) 65
JUEMTu=1/2 (uyTuu—dyTud)+1/6 (uyluu+dylud)—1/3 syTus=1/v2 jipTu+

Hadronic current can be approximated by the imaginary part of the in-medium p propagator.
Inclusion of meson-baryon coupling, g only:

ImILEMTmed. (M)=(mipT2 /gip DLy mWMIB ,T)=1/(MT2 —mip12 —Slpmmr —3lph

R. Rapp, J. Wambach: Adv.Nucl.Phys. 25 (2000) 1

N /ﬂ\ N* I
B. Friman, Nucl. Phys. A610 (1996) 358¢;, \>_L<
B. Friman and H.J. Pirner, Nucl. Phys. A617 (1997) 496 s A
L O I
N-1 N
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The SIS18 energy regime (HADES)
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T. Galatyuk, F. Seck, R. Rapp, J. Stroth, Eur. Phys. J. A 52 (2016) 131
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The HADES Spectrometer

oHigh Acceptance Di-Electron Spectrometer
- Designed in the nineties to measure the in-medium
p mass-shift in 1A GeV Au+Au collisions.

- combines aspects of hadron physics with (ultra-) relativistic
heavy-ion physics.

Pre-Shower

oDetector design

o Toroidal spectrometer with six-sector superconducting
magnet (field integral: 0.3 - 0.15 Tm)

o Low-mass tracking with drift chambers

o RICH surrounding the target in field-free region. CsJ photon
detector now replaced by MAPMTs.

o RPC and scintillator based time-of-flight systems

o Electromagnetic Shower Detector. Now replaced by ECAL
based on lead glass.

o Various complementary detector systems
(FW, Cerberus, TO)
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The role of virtual pions in dilepton production

o HADES results for different collision energies.

o Dilepton production involves virtual pions (cloud of baryons)
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Inclusive Dielectron Yields from Au+Au (\/S =24 AGeV)
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Thermal Dileptons from HADES Au+Au 1.23A GeV
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0.3<M<0.7 GeV:

o In-medium spect. funct.
o fireball life time

o fireball temperature(®

M > 1 GeV/c%

o p—al chiral mixing

o dominated by contribution
from the hottest and
densest region

oMicroscopic transport(@):
- vacuum p spectral function and A regeneration
- & explicit broadening and density dependent mass shift

oCoarse-grained UrQMD®)
+ thermal emissivity with
in-medium propagator )

« p—all chiral mixing®)
(not measured so far)
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(4) Rapp, van Hees; arXiv:1411.4612v

(2) E. Bratkovskaya;

(3) CG FRA Endres, van Hees, Bleicher;
arXiv:1505.06131
CG GSI-TAMU; Galatyuk, Seck, et al.
arXiv:1512.08688

(4) Rapp, Wambach, van Hees; arXiv:0901.3289

(5) Rapp, Hohler; arXiv:1311.2921v
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Excess radiation in centrality bins
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Evidence for increaseing average temperature as collisions go more central
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Reconstructed Open Strangeness

T T 7
0 1.49>y>139 (x 10
e 0.19>y>009 (x 10

7 Y Y Ny |

10“:-

o 089>y>079 (x10% 1
e 019>y>0.09 (x 10"

R

-

LA

"l'I... N
-]

‘®.. &
o
9.

1 | ’?

~500
mym,, [MeV/c?]

200 400

|_® Data (0-40%) (measured)
O Data (0-40%) (reflected)

K

0
S

dN/dy [1/evi]

200 400 600
m:m, [MeV/c?]

A A

g

0.05-
0.04F
0.03F
Q
@
O

0.02-

0.01-

L Ly
0 05 1
cm

I | I
91 5 -1 -05

Au+Au @ Vs =2.4 A GeV

LN T T T T T T T T T
— —8—009<y<019(x10%J ¢  Frr T I
§ w0k —=— 0.89 <y <0.99 (x10%) “‘§ F —@— 0.04 <y <0.24 (x10°) ]
[) E .. + i 1
S wof %‘*}“'%"%-4}-4} g 10k —9—0.64<y50.84(x103_) .
‘_'>, . Q-.@._e_ e = Eo.-'o‘n.e_ K
z|o. " O 0-G-gn. =& Gl
ol £ ‘. Tl gSle [ T
St T S Pl T 3
N+ Eoeis  TmmeeelL Feesee T 3
e opo-ese ttgy o | s,
5*_*_ Al U Rt I .
10k '*--*..,,_*_* L3 L hie S
wp - Y-y. TR -
.'-*-,“‘-1 vw. 1 T "--A
12k A A W 107 kel E
A--A-, 3 A -- E
8 Eoh.y N A
o g T F
o - Eeg 10°F e 3
; .-"‘-... F ‘."\. E
10 0.9 r ]
o L L PR ST YIS PSS FOPSTY OPOTY Y Y Y P
0 50 100 150 200 250 500 0 20 40 60 80 100 120 140 160 180 200
m-my [MeV/c?] me-my [MeV/c?]
=002 = 035519 e
? + SR -]
) K 2 K 1
= =, 03— -
% 0.02— %‘ E E
> = 0251 —
z t =% 1
© 015 © Ot H ]
5 02f B
- : sl ]
oot o1 E
£ ES 3] ]
o1 ¢ | -
0,005 F @ @ E
0,05 =
,\Z\“. A (lnrinndln (i ] 1 E e SO
5 1 05 0 05 1 1 15 -1 05 0 05 1 15
ycm ycm



June 4-15, 2018 The Physics of NS Mergers at FAIR/GSI | Joachim Stroth 15

i)

Yields

o All strange hadrons are produced below the
free NN threshold: K7+ A (=160 MeV);KT+
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®
EMMI
o Measured (4m) yields can be interpreted by using canonical suppression for open strangeness (R{c)
o Also for p+A
usi - iv i mewhat higher
o Inclusion of “non-strange” ¢ meson drives the fit to so hat higher T/ pu/B
o  Double-strange hyperon not explained
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Baryonic resonances

Resonance concentration accessible near freeze-out through e.g. 77— p invariant mass.
At freeze-out concentration of resonances changes only by decay.
All pions in the final state stem from baryonic resonance decay.
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Spectrometer
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Dileptons as ...
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Excitation Functi
xcitation Functions ceess yield
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Conclusion

o Low-mass dileptons offer a complementary approach to properties of matter under extreme
conditions by means of heavy-ion collisions.

o Effective fireball temperature accessible nearly model independent from invariant mass
distribution of the excess radiation.

o Other properties (densities, lifetime) have some model dependence:

Emissivity currently based on diagrammatic model calculation (very successful though). Other
approaches are followed up (FRG, Dyson-Schwinger, IQCD for net-baryon free matter).

Fireball evolution uncertain.

o If emissivity can be further scrutinized (elementary collisions, systematics), it can serve as
standard candle for the fireball evolution.

o A combined fit to multi-differential observables (invariant mass, transverse momentum
“ellipticity”) might reveal the trajectory in the QCD phase diagram nearly model independent in
future.



THANK YOU

The HADES collaboration



